Background Access to clean water and good sanitation are very important barometers of a healthy nation as the two are sine qua non to reducing many diseases. The interaction between water and sanitation on the one hand and the public health issues arising from in(efficient) systems of water and sanitation on the other hand have been well encapsulated in the Millennium Development Goals (MDGs) 7c. However, very little is known about the public health dynamics of water and sanitation and the rural-urban divide in accessing these services. This article analyses the trends and distributional concerns of the two MDGs to inform public health policy.
Introduction
By the end of December 2015, the time will expire for the targets set in the year 2000 by world leaders at the UN Millennium Summit to halve poverty by 2015, among other health and development goals. Meeting the eight MDG targets has been dubbed as the only way out of poverty and towards a more inclusive development. Two of the sub-goals under the environmental sustainability target are access to water and improved sanitation. The MDG 7c proposed to halve, by 2015, the proportion of the people without sustainable access to safe drinking water and basic sanitation (see for example, Ref. 1). One of the first MDG targets to be met, well ahead of the expiration date, is access to water. According to UNICEF and WHO between 1990 and 2010, over 2 billion people gained access to improved drinking water sources, and by the end of 2010, 89% of the world's population (6.1 billion people) used improved water. 2 These figures imply that by 2015, only 8% of the world's population will be without safe drinking water. At the same time, however, the corollary indicator, sanitation, has been missed by many developing countries, and it is unlikely that by 2015, three-quarters of the world's population will have access to improved sanitation. The safe disposal of human urine and faeces and the maintenance of hygienic conditions, through services such as garbage collection and waste disposal, are around 63%, and it is projected to increase to 67% by the end of 2015.
2 This global average is well below the 75% target and currently 2.5 billion people still lack improved sanitation. These contrasting achievements of two related MDG benchmarks are the focus of this article.
Methods
The data used in this study are secondary data obtained from two sources: the World Development Indicators (WDI) of the World Bank (2014 online version) and the Joint Monitoring Programme (JMP) of UNICEF and WHO, JMP. 2 The data are annual time series of sanitation and access to improved water from 1990 to 2013. An unobserved component model (a class of time series econometrics model that decomposes data into permanent and temporary components) was used to analyse the data. The long-run trend and short-run deviations of water and sanitation are constructed from STAMP econometric software (see Figs 1  and 2 ). The achievements and failures of Ghana in both indicators are carried out following the introduction of the MDGs, and forecasts are made on the basis of the stipulated expiry date of the MDGs.
Results
The link between water, sanitation and poverty has been well established in the literature. 5 The importance of MDG 7c has also been globally acknowledged. 1 At the macro level, there seems to be an understanding of the importance of improved sanitation and access to cleaner water sources. This study adds fresh insights to the literature in three ways.
Firstly, aggregate figures on access to water and improved sanitation do not give a clear indication of country-specific cases. This inevitably masks the crucial policy and intervention mechanisms needed to improve both coverage and outreach. Thus, by focusing on Ghana, this article highlights the important gaps for appropriate intervention.
Secondly, the reported access statistics do not convey information about the distributional concerns of both water and sanitation in particular and the public health implications in general. 6, 7 This article found that both the macro and micro effects of access to water and improved sanitation are important.
Thirdly, the article throws more light on the achievement and failures of MDG 7c and maps ways out for policy makers to target specific areas that would lead to universal access to safe and cleaner water and enhanced sanitation services.
Trends in water and sanitation in Ghana
Prior to the launch of the MDGs, more than half of Ghana's population had access to clean water. ( Unless otherwise stated, figures cited in the text are derived from the same source.) Fig. 1 shows the trend in access to improved water. The figure is the predictive trend in total improved water from 1990 to 2012. This is constructed by extrapolating the trend and plotting it with a two standard error band. The lower part of Fig. 1 shows the growth rate of improved water over the 1990 -2012 period. At the beginning of the 2000s, total improved water was 71%; 17% above the 1990 figure and 4% shy of 75%. As depicted in Fig. 1 , the percentage of the population accessing water from taps, tube wells, boreholes, protected wells, spring and rain water has been on upward an upward trajectory, reaching 87% in 2012 where the data end. The yearly growth rate of water is estimated from the lower part of Fig. 1 to be 2.5%. 4 The upper part of the figure shows the trends in sanitation while the lower part is the growth rate of this trend over time.
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Although total improved water shows an upward trend, there are differences between rural and urban access to water services. This is also evident in the data for difference sources of water for rural and urban areas. These differences are shown in Table 1 . Rural improved water lags behind urban water, signifying inequities in access to water. As of 2012, the rural areas lagged by 12% points. Even more important from Table 1 is the fact that the percentage of water piped to premises is just 19% of total improved water.
The shift in this indicator, particularly from the 1990s onwards, has been partly due to the increasing emphasis on the health benefits of wholesome water sources, a dedicated public awareness campaign on the associated problems and disease burdens of water-related illnesses, but mostly the result of massive intervention by Non-Governmental Organizations (NGOs) in bringing public taps, standpipes and boreholes to many underserved rural and urban communities by the national water supply network. In spite of these improvements, however, unprotected dug wells and springs, tanker trucks, bottled and surface water constitute a significant portion of both rural and urban water supply. About 13% of total unimproved water persist (other unimproved plus surface water) and roughly 20% of rural water come from unimproved sources.
As shown in the previous section, although Ghana has attained the improved water target, the rural -urban divide persists and the fact that 20% of the rural population relies on unimproved water sources remains a public health imperative that ought to be given attention. From the calculation above the country is far from achieving the MDG sanitation target. Figure 2 plots sanitation (aggregate) and Table 2 gives the decomposed sanitation figures. The growth rate of sanitation is much slower than water as seen in the bottom half of Fig. 2 . The entire pattern, as indicated by the top half of Fig. 2 is an upward one; however, the rate of improvement in sanitation is very slow. For instance in 1990, total improved sanitation was 7%. This only doubled in a period of 22 years. At this rate of growth, it would take Ghana 117 years to achieve the 75% target of sanitation in the year 2131. For 100% access, Ghana would be looking at the year 2171, at the current rate of growth. And in the long run, as Maynard Keynes points out, 'we are all dead'. 3 Flush toilets, connection to sewer and septic tanks, ventilated pits and composting toilets are not yet as widely used as expected, and this indicator has correspondingly showed a less than perfect improvement by the MDG targets. About 33% of the rural population openly defecates while nationally, 19% open defecation pertains. The correlation between poor sanitation and various diseases is a matter of public health concern. In addition to these diseases, poor sanitation and unclean water sources are highly correlated with the spread and persistence of disease such as malaria, typhoid, hepatitis and diarrhoea. The estimated deaths from malaria in 2012 were between 13 000 and 22 000, and unhygienic conditions have been linked to 20 300 deaths per year, according to WHO data. Repeated episodes of diarrhoeal disease make children more vulnerable to other diseases and malnutrition. Last but not least, Vibrio cholerae, the bacterium that causes cholera is undoubtedly linked to dirt and poor sanitation. The last outbreak was in 2014, where roughly 14 411 cases including 127 deaths have been reported since June 2014 in 74 districts: that is 8 out of the 10 regions of Ghana. Beyond the disease burden, access to water is connected with poverty reduction and improvement in livelihood. 5 
Policy options
One dimension of the water and sanitation problem is the unequal distribution as shown in both Tables 1 and 2 . The Ghana Water Company (GWC) currently serves only the urban population. Improving the rural-urban water divide requires interventions from the GWC to complement the efforts of NGOs involved in rural water provision. The inequities are further compounded by an inefficient operation of the water distribution network. A recent study of the two large urban water systems of Kumasi and Accra-Tema indicates that the recurrent cost component of running the two large urban water systems in Ghana is very high. Dwumfour-Asare Bismark et al. 4 estimate that operational expenditure, capital maintenance cost and capital enhancement cost for both systems is close to US$ 70 million per year. The operational expenditure accounts for more than three-quarters of the cost of running the two large urban water systems. These huge operational costs could be justified if the water generation and distribution system were efficient. However, anecdotal evidence indicates that the two large cities are far from meeting the water targets. Obeng-Odoom 7 and Alagidede 6 have presented evidence to show that access statistics do not give a fair reflection of the experience of rural and urban dwellers, and the cost of urban water as well as the accessibility of water and sanitation facilities remain poorly developed. This calls for ingenious approaches to funding both urban and rural water supply. Attempts at wholesale privatization of water have not been successful in the past. 7 Perhaps a second look at the cost of inefficient water delivery should convince policymakers to take practical steps to address the problems of run down infrastructure and the poor public perception of the water companies. To this end, a form of private-public partnership could help ameliorate the water problem. A sign of this partnership is already taking root. In addition to this, decentralizing water supply holds an important key to improving the current distribution challenges.
Sanitation is a function of the level of development and psychological maturity of a country, and it cuts across all walks of life. A visit to the beaches at Elmina, Cape Coast and Accra reveals the unsightly fact of open defecation in the country's tourist sites. These beaches are also seen by the local people as an excellent site for all types of refuse disposal. The country's drainage system is mostly of the open type. Disregard for environmental quality and persistent flouting of building and construction regulations has resulted in the springing up of various residential and commercial structures that choke key drainage points. Moreover, the lack of adequate facilities for waste disposal, coupled with the limited capacity to recycle and reuse household waste, complicates the problems faced by the authorities. Poorly constructed houses with little ventilation and liquid and solid waste disposal facilities complete the cycle of unwieldy residential life style in the major towns and cities in Ghana.
One way out is through sustained public education campaign on the effects of open defecation and disposal of household waste. In addition to this, dedicated waste disposal mechanisms ought to be installed. Investment in flush toilets and improved ventilated pits should be embraced. This can be achieved in collaboration with the country's town and country planning authorities by ensuring that only building permits showing improved toilets are approved for construction. Reorganizing cities and towns to make room for healthy living should be a long-term priority of the planning authorities. Similar to water, attempts at large-scale privatization of the waste collection system have not been successful in the past, largely because of short sightedness and political meddling. A forgotten approach to sanitation through community-organized clean up exercises as well as community and self-help projects in toilet provision should be returned to. Above all, recycling should become the norm.
Main findings and conclusions of the study
This article has argued that while access to improved water target has been met, a lot remains to be done to bring the cost of improved water to the reach of the ordinary Ghanaian. Thus, achieving the MDG 7c target is only a necessary, but not a sufficient condition for Ghana since further attempts at reducing the inequities and widening access are key to sustaining the gains made in this MDG goal.
On sanitation, the article argues for a host of faster and deeper interventions to reduce the extent of filth in households and across communities. At the current rate of improvement, Ghana would achieve the sanitation target in the next century. This inevitably calls for faster and rapid intervention through public and private sector remedies. More efforts should be made to improve public education on the public health effects of poor sanitation. Better planning and organization of housing in both rural and urban areas as well as proper waste disposal methods should be embraced. And private sector participation in waste collection, recycling and reuse should complement the efforts of the public sector to ameliorate the burden of diseases arising from poor sanitary conditions.
Limitations of this study
The paucity of data for the analysis is a key limitation of this study. Although water and sanitation statistics are reported in various databases such as the JMP 2 and WDI, 8 as argued by Obeng-Odoom 7 and Alagidede, 6 reported figures often do not capture the essence of access.
